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ROTARY ELECTRIC MACHINE WITH 
STATOR ELASTIC SUPPORT STRUCTURE 



CROSS REFERENCE TO RELATED APPLICATION 
The present application is based on and claims priority 
from Japanese Patent Application No, Hei. 11-360967 filed on 
December 20, 1999, the contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a rotary electric 
machine with a stator elastic support structure, which 
effectively reduces noise while preventing a heat deterioration 
of an elastic member in low cost. The present invention is 
suitably applied to a vehicle AC generator. 
2. Description of the Related Art 

In a rotary electric machine described in JP-B2-5- 
50217, an elastic member is inserted between a stator core and 
a frame for reducing a magnetic noise. The elastic member has 
a structure where a rubber material is inserted between an outer 
metal cylinder and an inner metal cylinder. 

In a rotary electric machine described in USP 5629575, 
a shock absorbing member is inserted between a stator core and 
a frame so that an arrangement position of the stator core can 
be readily set. 

Further, a rotary electric machine described in JP-B2- 



2927288, each of U-shaped conductor segments is inserted into a 
pair of slots, and top parts of each conductor segment is 
connected to form a stator winding. 

In recent years , it is requested to reduce a magnetic 
noise generated in a rotary electric machine. If the rotary 
electric machine is entirely covered by a noise insulation case, 
the magnetic noise can be reduced. However, in this case, it is 
difficult to radiate heat generated by a stator winding and a 
stator core, through a frame. Accordingly, temperature of the 
stator winding is increased, and an elastic member or an 
insulation film is readily heat-deteriorated. To overcome this 
problem, when the elastic member is formed of a heat-resistance 
rubber such as a silicon rubber and a fluoro rubber, elastic 
performance of the elastic member is decreased. Therefore, the 
elastic member does not effectively absorb a vibration 
transmission and the magnetic noise. Further, due to high cost 
of the heat-resistance rubber, it is difficult to use the heat- 
resistance rubber as the elastic member actually. On the other 
hand, when a thickness of the elastic member is increased for 
absorbing the vibration transmission from the stator core to the 
frame, it is difficult to transmit heat generated by the stator 
winding to the frame, and heat deterioration of the elastic 
member or the insulator film is facilitated. 

Further, when the dimension of the stator winding or 
the stator core is increased for reducing heat generated from the 
stator winding or the stator core, the size and the wight of the 
rotary electric machine are increased, and the machine is 



impossible to be actually used* 

SUMMARY OF THE INVENTION 

In view of the foregoing problems, it is an object of 
5 the present invention to provide a rotary electric machine with 
a stator elastic support structure , which reduces noise while 
preventing heat deterioration of an elastic member or an 
insulator film, in low cost* 

According to the present invention, in a rotary 
J310 electric machine, a stator core having a plurality of slots is 
disposed to be supported in a frame, a stator winding includes 
a plurality of conductor segments each of which is formed into 
an approximate U-shape having a pair of leg parts, and an elastic 
member is disposed between the stator core and the frame to be 
15 inserted therebetween. The conductor segments are inserted into 
the slots of the stator core in such a manner that, the leg parts 
of each conductor segment penetrate through the slots from one 
end of the stator core to the other end thereof, and are 
connected at top ends. Further, the conductor segments are 
20 arranged to have a predetermined clearance between adjacent two 
thereof at both coil ends of the stator winding, into which air 
blown by a cooling fan flows. Accordingly, the clearances 
between the conductor segments define an air passage through 
which air blown by the cooling fan flows, and the stator winding 
25 can be effectively cooled. Because each the conductor segment 
has a large sectional area in a radial direction, heat generated 
by the stator core can be readily transmitted to the both coil 
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ends of the stator winding. Therefore, the temperature of the 
stator winding can be effectively reduced without increasing 
dimensions of the stator core and the stator winding. Thus, when 
the elastic member is inserted between the frame and the stator 
core for reducing a magnetic noise, or when the conductor 
segments are covered by an insulation film, it can effectively 
prevent a heat deterioration of the elastic member or the 
insulation film, due to heat radiated from the stator winding and 
the stator core, in low cost. 

Preferably, the elastic member has a cylindrical 
elastic portion made of rubber, a first cylindrical metal portion 
integrated with an inner surface of the cylindrical elastic 
portion, and a second cylindrical metal portion integrated with 
an outer surface of the cylindrical elastic portion- Therefore, 
it is possible to strongly bonding the elastic member and the 
frame or the stator core, by using the elastic performance of the 
elastic portion and the strength of the first and second 
cylindrical metal portions. 

Further, the frame includes first and second frame 
parts separated in an axial direction of the rotor, the first and 
second frame parts are disposed to be fastened in the axial 
direction while press-contacting outer peripheral edge parts of 
the stator core through the elastic member. Therefore, the 
elastic member can be readily inserted between the stator core 
and the first and second frame parts* in this case, the first 
and second frame parts are fastened through a fastening member 
such as a through bolt, and a reduction effect of the magnetic 
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noise due to the elastic member and a reduction effect of 
vibration of the stator core can be arbitrarily adjusted. 

Preferably, the elastic member includes first and 
'second ring-like elastic parts each of which has an approximate 
5 L-shaped cross-section in the axial direction. Therefore, the 
stator core can be accurately supported in the first and second 
frame parts through the ring-like elastic parts. 

More preferably, a middle part of an outer peripheral 
surface of the stator core in the axial direction is disposed to 
©0 expose to an outside. Therefore, the exposed part of the outer 
H peripheral surface of the stator core can be effectively cooled 
O by an air flow, for example. 

y On the other hand, an inner peripheral surface of the 

7 frame has plural frame slots extending in the axial direction of 
r!5 the rotor at positions opposite to the stator core, and the 
n elastic member includes plural elastic parts which are inserted 

S into the frame slots to have elastic surfaces corresponding to 

the inner peripheral surface of the frame. Therefore, when an 
electrical power is generated, the elastic member is heat- 
20 expanded to protrude to a radial inner side and to elastically 
support the outer peripheral surface of the stator core. 

Preferably, the frame is disposed to define a liquid 
fluid passage through which a cooling fluid for cooling the 
stator core flows, and the elastic member is disposed between the 
25 frame and the stator core to directly contact the cooling fluid. 
Therefore, the magnetic noise can be reduced while the heat 

deterioration of the elastic member can be further effectively 
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prevented 



BRIEF DESCRIPTION OF THE DRAWINGS 
Additional objects and advantages of the present 
invention will be more readily apparent from the following 
detailed description of preferred embodiments when taken together 
with the accompanying drawings , in which: 

FIG. 1 is a schematic sectional view showing an entire 
structure of a rotary electric machine for a vehicle AC generator 
according to a first preferred embodiment of the present 
invention; 

FIG. 2 is a sectional view of a stator in a radial 
direction showing a part of the stator, according to the first 
embodiment ; 

FIG. 3 is a perspective view showing a conductor 
segment for constructing a stator winding, according to the first 
embodiment ; 

FIG* 4 is a perspective view showing a coil end of the 
stator winding according to the first embodiment; 

FIG. 5 is a sectional view showing a part of a rotary 
electric machine for a vehicle AC generator, according to a 
second preferred embodiment of the present invention; 

FIG. 6 is a partial perspective view showing an elastic 
member according to the second embodiment; 

FIG. 7 is a sectional view showing a part of a rotary 
electric machine for a vehicle AC generator, according to a 'third 
preferred embodiment of the present invention; 
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FIG. 8 is a partial perspective view showing an elastic 
member according to the third embodiment; 

FIG, 9 is a sectional view showing a part of a rotary 
electric machine for a vehicle AC generator, "according to a 
fourth preferred embodiment of the present invention; 

FIG. 10 is a sectional view showing a part of a rotary 
electric machine for a vehicle AC generator, according to a fifth 
preferred embodiment of the present invention; 

FIG. 11 is a partial perspective view showing an 
elastic member according to the fifth embodiment; 

FIG. 12 is a sectional view showing a part of a rotary 
electric machine for a vehicle AC generator, according to a sixth 
preferred embodiment of the present invention; 

FIG. 13 is a partial perspective view showing an 
elastic member used for a rotary electric machine according to 
a seventh preferred embodiment of the present invention; 

FIG. 14 is a partially-sectional perspective view 
showing a part of a rotary electric machine for a vehicle AC 
generator, according to an eighth preferred embodiment of the 
present invention; and 

FIG. 15 is a sectional view showing a part of a rotary 
electric machine for a vehicle AC generator, according to a ninth 
preferred embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described with reference to the appended drawings hereafter. 



A first preferred embodiment of the present invention 
will be now described with reference to FIGS. 1-4. In the first 
embodiment , the present invention is typically applied to an AC 
generator. As shown in FIG. 1, an AC generator 1 includes a 
rotor 2, a stator 3, a frame 4, a rectifier 5 and others. 

The rotor 2 includes a field coil 8 which is formed of 
a cylindrically wound insulated copper wire and is fixed to a 
shaft by a pair of front and rear pole cores 7 each having six 
claw poles between opposite ends thereof. A cooling fan 11 is 
fixed by welding or the like to the front pole core 7 so that 
cooling air sucked from a front end of the generator 1 is blown 
in a radial direction. Further, a cooling fan 12 is fixed by 
welding or the like to the rear pole core 7 so that cooling air 
sucked from a rear end of the generator 1 is blown in the radial 
direction. An outer peripheral surface of the pole core 7 is 
disposed to face an inner peripheral surface of a stator core 3 2 
by a predetermined clearance. 

The stator 3 includes a stator winding 31 and the 
stator core 32. The stator winding 31 is electrically insulated 
from the stator core 32 by resinous insulators 34 inserted into 
slots of the stator core 32. The stator winding 31 is formed of 
three-phase windings each of which is constructed by connecting 
plural conductor segments 33 in series in order. Each of the 
conductor segments 3 3 is constructed by two conductor segment 
parts 38, 39 each of which is formed into an approximate U shape, 
as shown in FIG. 3. As shown in FIG. 1, a part of the coil 

winding 31 protrudes from both end surfaces of the stator core 



32 to form coil ends 36, 37, 

Frame 4 accommodates and supports the stator 3 and the 
rotor 2 so that the stator core 32 is supported by a wall part 
of the frame 4. The frame 4 has air-discharge windows 42 (i.e., 
air openings) formed opposite to the coil ends 36, 3 7 of the 
stator winding 31, and air-intake windows 41 (i.e., air openings) 
formed at the axial ends thereof. 

An outer peripheral surface of the stator is supported 
in an inner peripheral surface of the frame 4 through an elastic 
member 50. In the first embodiment, the elastic member 50 is 
bonded on the outer peripheral surface of the stator core 32. 
After the frame 4 is sufficiently thermal-expanded, the stator 
3 to which the elastic member 5 0 is attached is inserted into the 
frame 4 . 

When engine torque is transmitted to a pulley 20 via 
a belt and the like, the rotor 2 rotates in a prescribed 

direction. In this case, the field coil 8 of the rotor 2 is 
powered from outside, the claw poles of the pair of pole cores 
7 are magnetized so that three-phase AC voltage can be generated 
in the stator winding 31. As a result, a predetermined amount 
of DC current can be output from an output terminal of the 
rectifier 5. 

FIG. 2 is a fragmentary sectional view of the stator 
3 in the radial direction, showing two slot parts of the stator 
3. FIG. 3 is a schematic perspective view showing a conductor 
segment 33. • As shown in FIG. 2, the stator core 32 has plural 
slots S for accommodating the plural-phase windings of the stator 



winding 31. Each of the insulators 34 is disposed for 
electrically insulating the stator core 32 and the stator winding 
31. In the first embodiment, the slots S are provided at 36 
positions at the same intervals, corresponding to pole numbers 
of the rotor 2. Within each slot S, even-numbered receiving 
parts CI, C2, C3 , C4 (e.g., four receiving parts) are provided 
in order from a radial inner side to a radius outside. That is, 
the receiving parts CI, C2, C3, C4 are slot insertion positions 
CI, C2, C3, C4 of the stator core 32, in which conductor segment 
parts 38, 39 of each conductor segment 33 are inserted. The 
stator winding 31 constructed by connecting the conductor 
segments 33 can be divided into a slot conductor portion 35 
inserted into the slots S of the stator core 32, the coil end 3 6 
(first coil end) protruding from the slot conductor portion 35 
to the rear side (a slot outside), and the coil end 37 (second 
coil end) protruding from the slot conductor portion 35 to the 
front side (a slot outside). 

In each conductor segment 33, the conductor segment 

part 38 composed of plural flat wires is formed into an 
approximate U shape with a large radial dimension, and the 
conductor segment part 3 9 composed of plural flat wires is formed 
into an approximate U shape with a small radial dimension. In 
addition, I-shaped conductor segment part constructed by I-shaped 
wires is also used as a draining wire or a connection wire. 

As shown in FIG. 3, the conductor segment part 38 
includes a head portion 3 80 for constructing the first coil end 
36 and a pair of leg portions 381, 382 extending from both ends 



of the head portion 380. The head portion 380 includes 
connection portions each having a predetermined span in a 
peripheral direction, at which the leg portions 381 , 382 are 
connected. 

T he leg portion 381 includes a slot conductor portion 
3811 accommodated in the slot insertion position CI of the slot 
S, and a top protrusion portion 3812 protruding to a front side 
from the slot conductor portion 3811. A connector 3 813 is 
provided at a tot end of the top protrusion portion 3812. 

The leg portion 3 82 includes a slot conductor portion 
3 821 accommodated in the slot insertion position C4 of the slot 
S, and a top protrusion portion 3822 protruding to a front side 
from the slot conductor portion 3821. A connector 3823 is 
provided at a top end of the top protrusion portion 3 822. The 
top protrusion portions 3812, 3822 of the leg portions 381, 382 
are for constricting the second coil end 37 in the first 
embodiment. 

Base ends (i.e., the ends connected to the slot 
conductor portions 3821, 3811) of the top protrusion portions 
3812, 3822 are separated from top ends thereof, respectively, by 
an approximate half dimension of the head portion 380 in the 
peripheral direction . 

The conductor segment part 3 9 includes an approximate 
U-shaped head portion 390 and a pair of leg portions 391, 392 
extending from both ends of the head portion 390. The head 
portion 390 includes connection portions each having -a 
predetermined span in a peripheral direction, at which the leg 



portions 391, 3 92 are connected. 

The leg portion 391 includes a slot conductor portion 
3911 accommodated in the slot insertion position C2 of the slot 
S, and a top protrusion portion 3 912 protruding to the front side 
from the slot conductor portion 3911. A connector 3913 is 
provided at a top end of the top protrusion portion 3912, 

The leg portion 3 92 includes a slot conductor portion 
3921 accommodated in the slot insertion position C3 of the slot 
S, and a top protrusion portion 3922 protruding to a front side 
from the slot conductor portion 3 921. A connector 3923 is 
provided at a top end of the top protrusion portion 3922. The 
top protrusion portions 3912, 3922 of the leg portions 391, 392 
are for constructing the second coil end 37 in the first 
embodiment. 

Base ends (i.e., the ends connected to the slot 
conductor portions 3921, 3911) of the top protrusion portions 
3912, 3922 are separated from top ends thereof, respectively, by 
an approximate half dimension of the head portion 390 in the 
peripheral direction . 

The slot conductor portions 3811, 3821 of the pair of 
the leg portions 381, 382 of the conductor segment part 38 having 
a large radius dimension are respectively accommodated in 
different slots positions separated with .a predetermined pole 
pitch. Similarly, the slot conductor portions 3911, 3921 of the 
pair of the leg portions 3 91, 3 92 of the conductor segment part 
3 9 having the small radius dimension are respectively 
accommodated in different slot positions separated with a 
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predetermined pole pitch. 

The slot conductor portion 3811 of the leg portion 381 
of the conductor segment part 3 8 is accommodated in the 
shallowest slot insertion position CI, and the slot conductor 
portion 3821 of the leg portion 382 of the conductor segment part 

38 is accommodated in the deepest slot insertion position C4 . 

Similarly, the slot conductor portion 3911 of the leg 
portion 391 of the conductor segment part 3 9 is accommodated in 
the shallower slot insertion position C2 which is slightly deeper 
than the slot insertion position CI, and the slot conductor 
portion 3921 of the leg portion 392 of the conductor segment part 

39 is accommodated in the deeper slot insertion position C3 which 
is slightly shallower than the slot insertion position C4 . 

Accordingly, in the first coil end 36 on the rear side, 
the head portion 3 80 of the conductor segment part 3 8 can be 
disposed to cover the head portion 390 of the conductor segment 
part 39, and it can prevent both head portions 3 80, 3 90 from 
interfering with each other. 

Specifically, in the first coil end 36, the head 
portion 380 is connected to the slot conductor portion 3811 of 
the leg portion 381 inserted into the slot insertion position CI, 
and the slot conductor portion 3821 of the leg portion 3 82 
inserted into the slot insertion position C4 . Further, the head 
portion 390 is connected to the slot conductor portion 3911 of 
the leg portion 391 inserted into the slot insertion position C2, 
and the slot conductor portion 3921 of the leg portion 392 
inserted into the slot insertion position C3 - 



Further, in the second coil end 37, the top protrusion 
portion 3812 of the leg portion 381 of the conductor segment part 
38, inserted into the slot insertion position CI, is connected 
to the adjacent top protrusion portion 3912 of the leg portion 
3 91 of the conductor segment part 39, inserted into the slot 
insertion position C2, at top end sides of the top protrusion 
portions 3812, 3912. Similarly, the top protrusion portion 3822 
of the leg portion 382 of the conductor segment part 38, inserted 
into the slot insertion position C4, is connected to adjacent the 
top protrusion portion 3922 of the leg portion 392 of the 
conductor segment part 39, inserted into the slot insertion 
position C3, at top end sides of the top protrusion portions 
3822, 3922. 

That is, in the second coil end 37, the slot conductor 
portion 3811 of the leg portion 381, inserted into the slot 
insertion position CI, is connected to the slot conductor portion 
3911 of the leg portion 391, inserted to the slot insertion 
position C2. Further, the slot conductor portion 3821 of the leg 
portion 382, inserted into the slot insertion position C4, is 
connected to the slot conductor portion 3 921 of the leg portion 
392, inserted to the slot insertion position C3 . Accordingly, 
each of the three-phase windings of the stator winding 31 is 
formed. FIG. 4 shows a part of the second coil end 37 on the 
front side. 

In the first embodiment, a slot conductor portion 
constructing a drain wire of the stator winding 31 and the other 
slot conductor portion have shapes different from those of the 



U-shaped conductor segment parts 3 8 , 39- That is , in the first 
coil end 36 on the rear side, an approximate U-shaped conductor 
segment having special shape is provided for connecting the slot 
conductor portions at the slot insertion positions CI, C4 and the 
5 slot conductor portions C2, C3 * 

The stator winding 31 with the three-phase windings can 
be formed into various shapes by connecting plural conductor 

segment parts in order. 

Next, a cooling method of the stator winding 31 will 
£§0 be now described. The stator winding 31 is cooled by cooling the 
N first and second coil ends 36, 37. As shown in FIGS. 3, 4, at 

O the first and second coil ends 36, 37, the conductor segments 33 

Ly are arranged to have predetermined clearances therebetween. That 

7 is, cool air passages are defined between the conductor segments 

hi 5 3 3 at the first and second coil ends 36, 37. Therefore, air 

* >l H 

blown from the cooling fans 11, 12 passes through the clearances, 
S and discharges radially outside to cool the first and second coil 

ends 36, 37. 

That is, in the first and second coil ends 36, 3 7 of 
20 the stator winding 31 having the above-described structure, air 
can uniformly conduct the surfaces of the conductor segments 33 
to absorb heat from the conductor segments 33. 

The conductor segments 33, each of which is formed of 
a flat wire, has a sectional area greatly larger than that of 
25 round-shaped conductive wires. Therefore, the stator winding 31 
can be readily assembled without a deformation. Accordingly, it 
can prevent the coil ends 36, 37 from being partially super- 
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heated due to a closed air passage or a narrowed air passage. 

Further, because the conductor segments 33 have the 
large sectional area, heat generated by the slot conductor 
portion (i.e., the slot receiving portion) of the conductor 
5 segments 33 can be readily transmitted to the coil ends 36, 37 
in an extending direction of the conductor segments 33. 
Therefore, electrical resistance of the stator winding 31 can be 
reduced, and heat-generating amount thereof can be reduced. 
Accordingly, it can prevent a super-heating from being generated 
CfO in the slot conductor portion of the conductor segments 33. As 
si a result, the temperature of the stator winding 31 can be 

Q suppressed to be lower than that of the stator core 32. 

iy According to the first embodiment of the present 

invention, as shown in FIG. 1, the stator core 32 is supported 
Hi 5 in the frame 4 through the elastic member 50. That is, the 
p elastic member 50 is inserted between the stator core 32 and the 

S frame 4. The elastic member 50 formed into a cylindrical shape 

can be made of a rubber material. The elastic member 5 0 is 
disposed to reduce a magnetic noise transmitted to the frame 4 
2 0 from the stator core 32. 

In the first embodiment, heat generated by the stator 
winding 31 or the stator core 32 is radiated to air which 
directly contacts the stator winding 31 at the coil ends 36, 37. 
Further, the stator winding 31 are constructed by the conductor 
25 segments 3 3 which are formed of flat wires and are arranged to 
have approximate equal clearances (i.e., air passages) 
therebetween at the coil ends 36, 37 in the peripheral direction. 
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Accordingly , a temperature increase in the stator core 
3 2 and the stator winding 31 can be sufficiently restricted as 
compared with a rotary electric machine having a conventional 
winding-type stator coil. As a result, heat-deterioration of the 
elastic member 50 can be reduced to a usable range, and it is 
possible to insert the elastic member 50 made of rubber as a main 
material into the stator core 32 and the frame 4 of the rotary 
electric machine. In this case, when the thickness of the 
elastic member is made larger, the elastic member 50 can 

effectively absorb a vibration transmission. In the first 
embodiment, for the elastic member 50, it is unnecessary to use 
an expensive heat-resistance rubber such as a silicone rubber or 
a fluoro rubber. That is, for forming the elastic member 50, a 
nitrile rubber or an acrylate rubber can be used. Further, in 
a vehicle with a loose temperature condition, a natural rubber 
also can be used, so that the magnetic noise can be decreased in 
low cost. 

In the above-described first embodiment, the elastic 
member 50 is formed into the cylindrical shape to cover an entire 
outer peripheral surface of the stator core 32. However, the 
elastic member 50 can be formed into the other shape such as a 
round shape or a shape having plural protrusions. In this case, 
a part of the outer peripheral surface of the stator core 32 is 
opposite to the inner peripheral surface of the frame 4 through 
a gap without contacting the elastic member 50. In this case, 
a window (air opening) for introducing air can be provided in the 
frame 4 facing the gap. 



A second preferred embodiment of the present invention 
will be now described with reference to FIGS. 5 and 6. In the 
above-described first embodiment, the elastic member 50 made of 
rubber is used. In the second embodiment, as shown in FIGS. 5 
and 6, instead of the elastic member 50 , a pair of elastic 
members 501 are disposed to be inserted between stator core 32 
and the frame 4. Further, an opening 4 3 is provided at a 
position facing the outer peripheral surface of the stator core 
32- The frame 4 has both wall parts 44, 45 extending in a 
peripheral direction between the air openings 4 2 and the opening 
43, for defining the air openings 42 and the opening 43. Each 
of the wall parts 44, 45 has a L-shaped cross section. 

Each of the elastic members 501 is formed of a rubber 
ring having a L-shaped cross section in an axial direction. Both 
side wall parts are crossed by a predetermined angle to form the 
L shape. In the second embodiment, the predetermined angle can 
be set at an approximate right angle. Generally, the 
predetermined angle of the L-shaped elastic member 501 is set in 
a range of 7 0 - 105° . The elastic members 501 are disposed 
between both outer peripheral edge parts of the stator core 3 2 
and the wall parts 44, 45 of the frame 4. 

The front elastic member 501 (i.e., left elastic member 
in FIG. 5) has both wall parts extending a radial inner side and 
the rear side, and press-contacts both surfaces of a step portion 
of the wall part 44, opened to the rear side. Further, the rear 
elastic member 501 (i.e., right elastic member in FIG. 5) has 
both wall parts extending a radial inner side and the front side, 



and press-contacts both surfaces of a step portion of the wall 
part 45, opened to the front side. The elastic members 501 
having the same shapes can be disposed reversely in the axial 
direction, as shown in FIG. 5. 

According to the second embodiment of the present 
invention, the elastic members 501 can reduce both of vibration 
in the radial direction and vibration in the axial direction, 
transmitted from the stator core 32 to the frame 4. In addition, 
the outer peripheral surface of the stator core 32 can be 
effectively cooled through the opening 43. When the frame 4 is 
divided into a from frame and a rear frame, the wall part 44 is 
provided at a rear end of the front frame, and the wall part 4 5 
is provided at a front end of the rear frame. In this case, by 
fastening the front frame and the rear frame using a fastening 
member such as a through bolt , the stator core 3 2 can be held 
between the front frame and the rear frame. 

In the second embodiment, the other part are similar 
to those of the above-described first embodiment. 

A third preferred embodiment of the present invention 

will be now described with reference to FIGS. 7 and 8. In the 
third embodiment , elastic members 502 shown in FIGS. 7 and 8 are 
used. Each of the elastic members 502 has an elastic portion 
502c having a ring shape similar to that of the elastic member 
501 described in the second embodiment , and metal rings 502a , 
502b disposed at both sides of the elastic portion 502c. Each 
of the metal* rings 502a, 502b has L-shaped cross section 
corresponding to the L-shape cross-section of the elastic portion 



502c of the elastic member 502. Because the elastic portion 502c 
is inserted between the metal rings 502a, 502b to be held 
therebetween in the elastic member 502, the elastic members 502 
can be accurately disposed at a predetermined position without 
a deformation, and it can prevent the stator core 32 from being 
shifted from the rotor 2. Accordingly, an air gap between the 
inner peripheral surface of the stator core 32 and the outer 
peripheral surface of the rotor 2 can be made uniform, and the 
magnetic noise can be further effectively reduced. 

In the third embodiment, the other parts are similar 
to those of the above-described second embodiment. 

A fourth preferred embodiment of the present invention 
will be now described with reference to FIG. 9. In the fourth 
embodiment, the elastic members 5 02 described in the third 
embodiment are used. However, in the fourth embodiment, the 
shape of the frame 4 is changed so that a flat tube 101 defining 
a water passage 100 through which cooling water flows is provided 
between the frame 4 and the stator core 32. 

As shown in FIG. 9, the frame 4 includes a front frame 

4a having a step-like rear opening end, and a rear frame 4b 
having a step-like front opening end. When the step-like rear 
opening end of the front frame 4a and the step-like front opening 
end of the rear frame 4b are engaged, a wall part 44 1 of the 
front frame 4a contacts the metal ring 502a of the front elastic 
member 502, and a wall part 45' of the rear frame 4b contacts the 
metal ring 502a of the rear elastic* member 502. 

The flat tube 101 is formed of a thin aluminum pipe, 



and is disposed to contact both the stator core 32 and the wall 
parts 44 ! , 45' of the frame 4. Because cooling water flows 
through the water passage 100 of the flat tube 101, the stator 
core 32 can be readily cooled. In the fourth embodiment , the 
temperature of the stator core 32 can be further reduced, and the 
heat deterioration of the elastic portion 502c of the elastic 
member 502 can be further prevented. In the fourth embodiment, 
the other parts are similar to those of the above-described first 
embodiment . 

A fifth preferred embodiment of the present invention 
will be now described with reference to FIGS. 10 and 11. In the 
fifth embodiment, elastic members 503 having the shape indicated 
in FIGS. 10 and 11 are used. Further, the shape of the stator 
core 32 is changed to correspond to the structure of the elastic 
members 503. 

Each of the elastic members 503 includes an elastic 
portion 503c having a L-shaped cross-section, and metal rings 
503a, 503b disposed at both sides of the elastic portion 503c. 
Each of the metal rings 503a, 503b has L-shaped cross-section 
corresponding to the L-shape of the elastic portion 503c of the 
elastic member 503. The wall part 44 of the front frame 4a is 
formed to contact both surfaces of step portion of the metal ring 
503a at a position immediately rear from the front opening 42. 
Similarly, the wall part 45 of the rear frame 4b is formed to 
contact both surfaces of the step portion of the metal ring 503a 
at a position immediately front from the rear opening 42. 

The front elastic member 503 (i.e., left elastic member 



in FIG* 5) has both wall parts extending to a radial outer side 
and the front side, and press-contacts both surfaces of a step 
portion of the stator core 32, provided at a front outer- 
peripheral edge of the stator core 32. Further, both the wall 
parts of the front elastic member 503 press-contact both surfaces 
of a step portion of the wall part 44, opened to the rear side. 
Similarly, the rear elastic member 503 (i.e., right elastic 
member in FIG. 10) has both wall parts extending to a radial 
outer side and the rear side, and press-contacts both surfaces 
of a step portion of the stator core 32, provided at a rear 
outer-peripheral edge of the stator core 32. Further, both the 
wall parts of the rear elastic member 503 press-contact both 
surfaces of a step portion of the wall part 45, opened to the 
front side. Both the elastic members 503 can be formed into the 
same shape. In this case, both the elastic members 503 are 
disposed reversely in the axial direction. 

According to the fifth embodiment, an arrangement 
position of the stator core 32 can be accurately determined, 
while cooling performance of the stator core 3 2 is improved. In 
the fifth embodiment, the other part are similar to those of the 
above-described first embodiment. 

A sixth preferred embodiment of the present invention 
will be now described with reference to FIG. 12. In the sixth 
embodiment, an elastic member 504 having a cylindrical shape is 
used. The frame 4 is divided into a front frame 4a and a rear 
frame 4b. The elastic member 504 includes an elastic portion 
504c made of rubber, and metal cylindrical portions 504a, 504b 



at both sides of the cylindrical elastic portion 504c. in the 
elastic member 504, the elastic portion 5 04c is inserted between 
the metal cylindrical portions 504a, 504b to be integrally boded 
to the metal cylindrical portions 504a , 504b. In the sixth 
5 embodiment, the stator core 32 can be accurately held at a 
predetermined position through the elastic member 504. 

in the sixth embodiment, when the elastic portion 504c 
is made a rubber material where a powder of a heat-conductive 
material such as aluminum or a short fiber is mixed, a resistance 
0 of heat-transmission in the radial direction of the elastic 
portion 504c can be reduced. That is, heat can be readily 
transmitted in the radial direction of the elastic portion 504c. 
Accordingly, heat deterioration of the elastic member 504 can be 
restricted, while the magnetic noise can be reduced. in the 
5 sixth embodiment, the other parts are similar to those of the 
above-described first embodiment. 

A seventh preferred embodiment of the present invention 
will be now described with reference to FIG. 13. In the seventh 
embodiment, an elastic member 505 is divided into plural 
20 circular-arc elastic pieces 505a which are arranged in a 
circumferential direction at predetermined positions so that a 
predetermined space is provided between adjacent elastic pieces 
505a in the circumferential direction. In this case, the spaces 
between the elastic pieces 505a can be used as a cool air 
25 passage, and the stator core 32 can be effectually cooled using 
the cool air passage. Each of the elastic pieces 505a of the 
elastic member 505 has a second structure similar to that of the 
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elastic member 502 described in the third embodiment (FIGS. 7, 
8). 

An eighth preferred embodiment of the present invention 
will be now described with reference to FIG, 14. In the eighth 
embodiment, plural slots 401 are provided in the inner peripheral 
surface of the frame 4, for covering the outer peripheral surface 
of the stator core 32, and plural elastic members 506 are 
inserted into the slots 401. 

As shown in FIG. 14, each of the slots 401 has an 
approximate semi-circular shape in cross section, and exposed 
surfaces of the elastic members 506 inserted into the slots 401 
define a part of the inner peripheral surface of the frame 4. 
Here, the elastic members 506 can slightly protrude from the 
inner peripheral surface of the frame 4. 

When electrical power is generated, the elastic members 
506 are heat-expanded to protrude to the side of the stator core 
32. Therefore, the outer peripheral surface of the stator core 
32 can be elastically supported by the elastic members 506 
arranged in the peripheral direction with a predetermined pitch. 

A ninth preferred embodiment of the present invention 
will be now described with reference to FIG. 15. In the ninth 
embodiment, a frame structure described in the first embodiment 
is changed. That is, as shown in FIG. 15, a frame is constructed 
by first and second sealed frames 4000, 4001 which defines a 
water passage 100 through which water flows toward a radial outer 
side of the" elastic member 50. , In this case, because cooling 
water in the cooling water passage 100 directly contacts the 



elastic member 50, heat-deterioration of the elastic member 50 
can be effectively restricted. Further, the elastic member 50 
is used as a seal material of the water passage 100 • 
Accordingly, cooling performance of the stator core 32 can be 
improved due to cooling water in the cooling water passage 100* 
Thus, heat-deterioration of the elastic member 50 can be 
restricted, and magnetic vibration can be reduced. 

In the ninth embodiment, when a stator winding are 
constructed by conductive segments having a larger sectional area 
in the radial direction, the heat-deterioration of the elastic 
member 50 can be further restricted. 

In the ninth embodiment, because the sealed frames 
4000, 4001 and the elastic member 50 define a sealed space, a 
cooling fan is not necessary. In this case, a frame strength can 
be improved, and the magnetic noise can be further reduced. 

Although the present invention has been fully described 
in connection with the preferred embodiments thereof with 
reference to the accompanying drawings, it is to be noted that 
various changes and modifications will become apparent to those 
skilled in the art. 

For example, in the above-described third, fourth, 
fifth and seventh embodiments, the metal ring 502b, 503b, 505b 
of the elastic member 502, 503, 505 contacting the outer 
peripheral surface of the stator core 32 can engage with the 
stator core 32. In this case, the stator core 32 can be 
accurately assembled to an integrated frame 4, and assembling 
operation of a rotary electric machine can be made simple. 



In the above-described embodiments , the present 
invention is typically applied to the vehicle AC generator. 
However, the present invention can be applied to a rotary 
electric machine other than the vehicle AC generator. 

Such changes and modifications are to be understood as 
being within the scope of the present invention as defined by the 
appended claims. 
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